A study to determine the effects of environmental conditions on the growth of longleaf pine (Pinus palustris Mill.) was initiated in 1969 on the Escambia Experimental Forest near Brewton, Alabama, USA. This study sample consisted of forty young naturally regenerated, even aged longleaf pine seedlings evenly divided between two soil types. At the beginning of the study, the seedlings were 14 years from seed and ranged in height from 0.8 to 1.5 m. From 1969 to 1970, height and diameter measurements were recorded once to four times weekly during the growing seasons and once a month during the dormant seasons. To test the effects of shading on growth, cheesecloth was suspended over 10 randomly selected seedlings from each soil type only during the first growing season, from March 28 to September 24, 1969. This study provides data from the only known in-field shading experiment with longleaf pine seedlings of this size. The effects of the shading treatment and soil type were evaluated for height and diameter growth. The shading treatment did not have a significant effect on either height or diameter growth, but soil type had a significant effect on diameter growth.
INTRODUCTION
Trees, like all terrestrial plants, are dependent on sunlight, carbon dioxide, oxygen, water, and nutrients to survive and grow. Growth on the most basic scale can be defined as an irreversible increase in the size or number of cells (Kramer and Boyer, 1995) . Growth and maintenance are the main purposes of a tree's metabolism and essential to a tree's survival (Kramer and Boyer, 1995) . However, growth is not achieved without resistance from environmental stresses. Changes in the environment result in changes in a tree's internal physiological processes like photosynthesis, respiration, and absorption of water and minerals, which in turn affect growth (Kozlowski and Pallardy, 1997) . At the genetic level, these changes or stresses in the environment can cause plants to modify morphology and physiology over time through phenotypic plasticity, which has many implications for forest management (Bradshaw, 1965; Schlichting, 1986; Chambel et al., 2005) . The desire to identify and understand the many relationships that exist between the environment and tree growth has influenced numerous research efforts, but often the answers found lead to more questions.
The first European settlers in what is now the southeastern United States were confronted with an upland forest that was dominated by this one tree specieslongleaf pine (Pinus palustris Mill.) . Stretching from the coastal plains of Virginia across a broad belt of the South Atlantic and Gulf Coasts into eastern Texas, longleaf historically occurred on over 36 million hectares and is thought to have been predominant on over 24 million hectares, but the ecosystem now only occupies fragments of the range (Frost, 1993) . From southeastern Virginia to eastern Texas, it historically dominated the Coastal Plain but also extended into the Cumberland Plateau, Ridge and Valley, Blue Ridge, and Piedmont physiographic provinces (Boyer 1990) . Throughout the literature, longleaf pine is referred to as an intolerant species (Schwarz, 1907; Wahlenberg, 1946; Boyer, 1990) . From observations of virgin stands of longleaf pine, Schwarz (1907) believed that light was the most critical factor in the development of longleaf pine regeneration. He believed light determined not only the time and place, but also the manner in which succession occurred. The light required for a new generation of trees was admitted through openings in the crown cover. Small openings were caused by the fall of one or several large trees as a result of old age, disease, lightning, insects or windstorms. Larger openings were similarly caused by hurricanes and severe storms. Schwarz (1907) noted smaller openings in the forest would be filled by a dense grove of young trees, locally known as "sapling thickets." If the opening did not fill with longleaf pine then oaks and other species would take over. Longleaf pine has a grass-stage, a unique growth phase where there is no above-ground height growth, but the seedling is putting on root and ground-line diameter growth (Chapman, 1932; Wahlenberg, 1946; Brown, 1964; Boyer, 1990) . Seed-lings will remain in this grass stage until a sufficient root system has developed, and height growth is initiated (Wahlenberg, 1946; Boyer, 1990; Outcalt, 2000) . With the commencement of height growth, a seedling can grow about 30.5 to 100 cm a year (Wahlenberg, 1946) . Long-leaf pine's adaptations as a climax species to fire like the grass stage, timing of height growth initiation, needle architecture, and branching structure makes it unique among the other southern pines and tree species around the world (Chapman, 1932) .
Researchers in the 1930's began to look at how the growth of longleaf pine was related to environmental variations. Lodewick (1930) found positive correlations between diameter growth and precipitation. Diameter growth was found to be positively correlated with precipitation and negatively related to temperature (Coile 1936) . Pessin (1938) using field studies showed tree stocking levels and ground cover plants had negative effects on seedling growth and noted the importance of light inten-sity for longleaf pine seedlings. Niinemets and Valladares (2006) found an inverse relationship between tolerances for shade and drought for a range of species, which shows tolerances can change depending on the existing factors. Manipulating light availability is very important since longleaf pine is commonly considered shade intolerant (Schwarz, 1907; Wahlenberg, 1946; Boyer, 1990) . McGuire et al. (2001) found a positive correlation bet-ween the amount of light available and longleaf pine seedling growth in an in-field experiment with seedlings that had not initiated height growth. Barnett (1989) found significant differences between the shading treatments and a full sunlight control in a nursery setting. However, he did not see significant differences between the 30 and 50% shading treatments. Palik et al. (1997) found an upward curvilinear relationship between the growth rates of the selected trees and the variations in nitrogen and sunlight levels from 40 to 80% of full sunlight. Jose et al. (2003) evaluated the effects of light, water, and nitrogen on grass stage longleaf pine seedling growth. They concluded that seedling growth in a greenhouse with a shade treatment seemed to be more influenced by water and nitrogen than light, but they did find a significant response in root and stem biomass with interactions bet-ween light and soil resources (Jose et al., 2003) . Climent et al. (2006) also found significant effects in biomass with reductions in light for Canary Island pine (Pinus canariensis) seedlings. They also found that light and water effects were significant and created an interaction where shoot elongation almost stopped. Variations might be related to the in-field conditions in comparison with controlled greenhouse studies, but variations might also be related to an age and growing conditions of microsites. CavenderBares and Bazzaz (2000) found environmental components and ontogenetic components played an equal role in photosynthetic capacity if water was not a limiting factor between red oak (Quercus rubra) seed-lings and mature trees.
In 1969, the U.S. Forest Service, studied a young longleaf pine stand in southern Alabama, USA to explore the relationships between the growth of young longleaf pine that had initiated height growth and the surrounding environment including an in-field shading treatment. This study was a follow-up to work done with loblolly pine in North Carolina (Boyer, 1970 (Boyer, , 1976 . Due to time and money constraints, the data were never analyzed until work began on it in 2003 as part of a master's thesis (Gilbert, 2007) . This article focuses on the study of the in-field shading treatment.
METHODS

This project was installed on the Escambia Experimental Forest near
Brewton, Alabama, USA in 1969. Data from a weather station located near the study site showed average precipitation which was 176.78 cm in 1969 and 195.83 cm in 1970 . The average maximum temperature was 25°C and the average minimum temperature was 11°C for both years. The study sample consisted of young naturally regenerated, even aged longleaf pines, which were a product of the 1955 seed crop. All of the overstory had been removed prior to the study, which eliminated all o v e r h e a d c o m p e t i t i o n . Forty l o n g l e a f pine seedlings ranging from 0.8 to 1.5 m in height were selected for the study. Twenty were selected on each of the 2 distinct soil types that were present in the stand.
The two soil types that separated the seedlings were Lucy loamy sand (Lucy site) and Wagram loamy sand (Wagram site). The taxonomic class for both soils is: loamy, kaolinitic, thermic Arenic Kandiudults (Soil Survey Division, NRCS, 2003) . The seedlings on the Lucy site were located on the crest of a ridge, and the seedlings on the W agram site were located on a slope at the base of the ridge. Mattox et al. (1975) reported soil composition, average site index and depths of the A-horizon for both soil types. The soils are very similar with an average site index of 20.4 m (base age 50). The depth of the A-horizon for the Lucy soil varies from 55.88 to 101.6 cm, while the depth of the A-horizon varies from 50.8 to 68.58 cm for Wagram soils. The Lucy loamy sand also has higher clay content at shallower depths than the Wagram loamy sand. Soil samples were taken for this study in coordination with the collection of soil moisture at neutron probe tubes across the study site.
Shading treatment
Half of the seedlings in each of the two soil types were randomly selected for artificial shading. These seedlings were shaded with cheesecloth for six months during the growing season of the first year of the study. The shading treatment was installed on March 28, 1969 and removed September 24, 1969 . The cheesecloth was stretched across a one-meter-square frame that was structured to keep the cheesecloth at least one meter above the growing tip of the seedling. The structures were periodically checked, adjusted, and maintained at one meter above the growing tip. The cheese cloth prevented the growing tips of the shaded seedlings from receiving direct sunlight during the peak of the diurnal cycle. A pyrheliograph was used to measure solar radiation in langleys(cal/cm 3 ) for both shaded and unshaded areas. The mean percent difference in solar radiation between non-shaded and shaded seedlings was 38.5%.
Growth measurements
Initial heights were measured from the ground level to the base of the bud on the terminal growing shoot of each seedling on January again be divided into monthly, biweekly, and weekly growth intervals using the same interval lengths and durations as outlined for height growth.
Statistical procedures
Statistical procedures were executed in Statistical Analysis System (SAS) software version 9.1 (SAS, 2003) . All analyses were conducted at the 0.05 level of significance. Analyses of variances were conducted to test for the effects of shade treatments and location over various growth rates using PROC GLM and PROC M I X E D in S A S ( SAS 2003). PROC M I X E D w a s u s e d t o conduct a repeated measures analysis using seedling as the random factor (SAS, 2003) . The repeated measures analyses were conducted with the measurements from each interval and with consecutive growth from the initial m e a s u r e m e n t . PROC M I X E D was chosen because it allows for missing data and an unbalanced data structure (Littell et al., 1996) . Interactions were tested further using Tukey's Studentized Range (HSD) and least significant difference (LSD) multiple comparison procedures and within group t-tests (Ramsey and Schafer, 2002; SAS, 2003) . Gilbert et al. 67 All statistical tests were evaluated to confirm any potential violations from assumptions. To evaluate normality of residuals, a normal probability plot or a normal QQ plot was used from PROC UNIVA-RIATE (Neter et al., 1996; Ramsey and Schafer, 2002; SAS, 2000 SAS, -2004 . The Anderson-Darling test from PROC UNIVARIATE was also used to determine normality of the residuals (SAS, 2 0 0 0 -2004).
Results from the QQ plot and from PROC UNIVARIATE were compared to determine if normality was suspected. Unless other-wise stated, the assumptions were not violated.
RESULTS
Height growth: 1969 to 1970
Evaluating differences in height growth over the different intervals is necessary to see if the recorded environmental conditions and treatments affect height growth. Each interval (monthly, biweekly, and weekly) covers different portions of the growing seasons. Patterns of growth over the growing seasons show that seedlings do not grow at the same rates during the entire growing season. Figure  1 displays average monthly height measurements illustrating how patterns of growth changed over the study period. Growth rate tends to vary over the growing sea-son which could raise questions about how relationships between growth and the environment change over the same period. Figure 2 displays initial height measurements. Initial height measurements ranged from 0.8 to 1.5 m. The measurements were tested to look for any significant differences before the treatments were app-lied. Initial heights were not significantly different for site, shading treatments, or an interaction for the site and shading treatment combinations. Table 1 shows mean height growth for 1969 and 1970 individually. Overall height growth was first tested over the entire monthly interval. There were no significant differences between shade treatments or site location, but there was a significant interaction between the site and shade variables. Within group comparisons were then used to evaluate the significant interaction. Monthly height growth was also explored for potential significant differences using the repeated measurements design. Only time related variables and the shade/site interaction were significantly different. Testing the biweekly interval for height growth resulted in no significant differences between shade treatments or site location, but the shade/site interaction was significant as for monthly intervals. Biweekly intervals were also tested using repeated measures. Again, only time related variables and the shade/site interaction were significantly different. Weekly intervals were tested for both 1969 and 1970 because the measurements were not consecutive. Only the time variable was significantly different in 1969, and no significant differences were observed in 1970 except the shade/site interaction and time related variables. This shows that the soil/shade interaction occurred in the 1970 growth period, as shown in Table 1 .
Neither the shade treatment nor site location was statistically significant with respect to height growth over the intervals, in overall tests, or in years evaluated. An interaction between the shade treatment and site location was significant. The interaction was not significant for the 1969 growth interval, but it was for 1970. When isolating 1970 growth, the same general interactions occurred, but mean height growth for seedlings on the Lucy site with no shade treatment was significantly lower than on the Wagram site with no shade treatment and seedlings on the Lucy site with the shade treatment. The significant interaction for the total growth over the 2 years showed that mean height growth for seedlings on the Wagram site with no shade and seedlings on the Lucy site with the shade treatment was significantly greater than mean height growth for seedlings on the Wagram site with the shading treatment. The within group interactions for 1970 and overall height growth were significant for LSD means but not for HSD means. 
Diameter growth: 1969 to 1970
Patterns of growth over the growing seasons show that seedlings diameters do not grow at the same rates during the entire growing season. Figure 4 displays average monthly diameter measurements illustrating how patterns of growth changed over the study period. There was a loss of diameter growth as shown in Figure 4 during January and February of 1970, which were the coldest months of the study with average minimum temperatures of 1 and 0°C, respectively. The initial diameter measurements ranged from 2.97 to 4.64 cm and were not significantly different for site location or shade treatment at the beginning of the study. There was a significant shade/site interaction. For site locations, Levene's test for homogeneity of variance was significant, but Barlett's was not.
Testing within group interactions for initial diameters showed that diameters between shade treatments on the Wagram site were significant for LSD means but not for HSD. Figure 5 displays average initial diameters for shade treatments, site locations and shade/site locations at the beginning of the study. Monthly diameters were measured from March 5 to December 24, 1969. When testing overall diameter growth for 1969, a significant difference of mean diameter growth between seedlings on the Lucy site and the Wagram site was observed (Table 2) . Diameters were measured from January to December 1970 (Table 2) . Testing within group differences, site location was significant, and mean diameter growth was non-significantly larger for the seedlings with the shade treatment on both sites. A significant difference between seedlings on Lucy site and the Wagram site was observed for overall growth during the 1970 monthly interval and total growth over the two year period. Figure 6 displays mean diameter growth over the two year measurement period from March of 1969 to December 1970 for the shade treatment, site and shade / site combinations, which illustrates the findings from the statistical examinations.
Monthly diameter growth was also explored for potential significant differences using the repeated measures design. The results of the monthly measures analysis over both years showed a significant difference for site location, shade treatment and significant interactions between time and shade and time and site. Repeated measures analyses also showed a significant shade treatment for diameter growth over the monthly interval in 1970 and the weekly intervals in 1969 and 1970. The weekly analyses showed significant interactions between soil conditions and time and the shade treatment and time, but there was no significant interaction between the site location and shade treatment. However, adjusting weekly interval tests for autocorrelation did affect the analyses, and the normality assumption was suspect for the weekly 1970 test. Calculating the overall means for each year, the shade treatment was not significant, but testing growth within each site location during 1969 showed that shaded seedlings grew less than the nonshaded seedlings. The opposite was seen in 1970. The biweekly intervals from 1969 and 1970 were also tested, but there were no significant differences or interactions in diameter growth with respect to site location or shade treatment for the 1969 interval. The 1970 biweekly interval showed a significant shade/site interaction, but neither the shade treatment nor site location was statistically significant.
DISCUSSION
The desire to identify and develop a better understanding on the many relationships that exist between the environment and seedling growth was the main purpose of this research work. To determine this, height and diameter growth were evaluated over numerous intervals during various periods of the growing and dormant seasons. It was necessary to examine seasonal patterns of growth to understand how seedlings grow before attempting to determine what is affecting growth. Figures 1 and 4 show average monthly height and diameter measurements over the two year measurement period, which displays the seasonal patterns of growth for the sampled longleaf pine seedlings. The six month shade treatment was installed during the peak of the growing season. Longleaf pine is commonly known to be very shade intolerant and drought resistant. To determine how much light intensity affects the growth of longleaf pine seedlings, a shading treatment was randomly installed to half of the sampled seedlings. Six months of shading caused a percent difference in direct solar radiation of about 38% during the 1969 growing season. The treatment seemed to have no significant effect on height growth of young longleaf pine over any of the intervals analyzed except for a larger average height growth for seedlings on the Wagram site when looking at growth over the two-year period. For the Lucy site there was an opposite trend for 1970 growth where shaded seedlings on average grew significantly better than non-shaded seedlings (Table 1) . This could be a residual effect from the shading treatment because weekly diameter growth of both 1969 and 1970 was significant with respect to the shade treatment. In this study, the shade treatment did not affect diameter growth in either year. Mean diameter growth was also lower, however not significant, for shaded seedlings on both sites, and it was not significant on an annual basis.
The lack of an overall effect on height growth potentially occurred because of several reasons. One reason might be the percent of shading caused by the cheesecloth, or the height it was placed. The cheesecloth was suspended and maintained at 1 m above the terminal bud, which allowed the seedling to receive lateral rays of sunlight during the early morning and late afternoon. Schwarz (1907) notes that areas of dense seedlings and saplings were able to survive in virgin stands by receiving light during the morning and afternoon from certain angles where light entered low in the forest. Duration is another key factor. The treatment was only applied in the 1969 growing season. It may take a longer duration of shading to see an effect on growth. This along with the low percent of sunlight reduced by the cheesecloth did not seem to change the growth rates of the shaded seedlings in comparison with those that were not shaded at all, although overhead shade levels of 50% reduced diameter growth of 20-week-old longleaf pine seedlings growing in a trusshouse with shade cloth (Barnett, 1989) . In contrast, a greenhouse study with 16 months of continuous shade of over 60% did not have a significant effect on height growth or root collar diameter of longleaf pine seedlings growing in a greenhouse, but they did find a significant response in root and stem biomass with interactions between light and soil resources (Jose et al., 2003) . Climent et al. (2006) also found significant effects in biomass with reductions in light for Canary Island pine seedlings. Testing for significant effects of shade and site on above and below ground biomass for different age classes of seedlings might provide interesting results for the different stages of longleaf pine growth.
Longleaf pine is commonly thought of as a species that is intolerant to shade. This concept may not be completely understood. This study provides data from the only known in-field shading experiment with longleaf pine seedlings that had initiated height growth and were initially up to 1.5 m tall, which are very different from grass stage seedlings or controlled studies. Cavender-Bares and Bazzaz (2000) found that age classes and environmental components played any equal role in photosynthetic capacity if water was not a limiting factor between red oak seedlings and mature trees. The intolerance of longleaf pine to shade may depend more on the age class or stage of growth like grass stage or after height growth is initiated, location of the tree in the stand, and the duration of the shading.
Site location was another key factor that needed to be evaluated in determining a possible influence on growth. Seedlings were on different sites and the two measures of growth were affected in different ways. Site location did not seem to have a significant effect on seedling height growth, but it did for diameter growth. Site location significantly affected diameter growth over all measurement periods during the two-year study including the dormant season measurements. Diameter growth for seedlings on the Lucy site was significantly greater than diameter growth for seedlings on the Wagram site across all intervals except for the biweekly datasets. Diameter growth varied by location in both years as seen in Table 2 . Figure 4 shows average monthly diameter measurements over the two year measurements, which displays greater diameter growth on the Lucy site for seedlings sampled. The difference in growth seemed to increase as the seedlings got older. One explanation could be that longleaf pine grows better on drier ridge top site with Lucy soils due to potentially less ground layer competition than Wagram soil on the lower side slope site. If the root systems were deep enough to reach the B-horizon, there might be a moisture gradient caused by the higher clay content at shallower depths than at the bottom of the ridge. The significant differences in diameter growth by site location may also be due to competition of surroundding seedlings or other vegetation instead of soil differences, but without more detailed data about surrounding seedlings and vegetation this concept cannot be further explored. Another explanation might be due to different levels of non-pine competition. Longleaf pine often grows slower on sites with more ground-layer competition (Pessin, 1938) and it is possible that competition was greater at the Wagram site. The growth difference may also be due to differences in soil characteristics. Without more detailed data on surrounding seedlings and vegetation, we can only consider the primary cause of better diameter growth on the Lucy site.
Conclusions
This study provides an interesting look at the growth of longleaf pine over two years and provides insight about the question of the shade tolerance of longleaf pine. This concept may not be completely understood and needs to be explored in detail. With the resurgence of interest in longleaf pine and restoration, shade tolerance plays a large role in the stand dynamics of restoration and conservation efforts. This study provides data from the only known in-field shading experiment with longleaf pine seedlings that had initiated height growth and were initially up to 1.5 m tall at 14 years from seed, which are very different from grass stage seedlings or controlled studies. This makes the results difficult to compare with other studies. The intolerance of longleaf pine to shade may depend more on the stage of growth like grass stage or after height growth is initiated, location of the tree in the stand, and the duration of the shading. There are still many unanswered questions about influences of the environment on the growth of young longleaf pine seedlings. Future field based studies can build upon this research and explore the shade tolerance, environmental interactions, and phenotypic plasticity for seedlings of this size and utilize current technology to help answer more questions. More understanding about relationships between seedling growth and the environment is very important in elucidating patterns of seedling growth.
